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ABSTRACT. Comparative tests of the snow resistograph with the ram penetrometer indicate that there is 
a high degree of correlation between the two instruments despite fundamental differences in operation. 
I t is probable therefore tha t the two instruments are measuring e3Sentially the same parameters and may be 
used interchangeably. The resistograph has a large advantage over the ram penetrometer, in terms of speed 
and ease of operation, and in its capacity to measure the strength of very weak snow. 

R ESUME. Comparaison entre le risistograph a neige et la sonde de battage. Des tests comparatifs du resistographe 
a neige et de la sonde de ba ttage montrent qu'il y a une excellente correla tion entre les deux instruments 
en depit des differences rondamentales entre les modes operatoires. Il est donc probable que les deux instru
ments mesurent essen tiellement les memes parametres et peuvent etre interchangeables. Le resistographe a 
un grand avantage sur la sonde de battage quant a la vitesse et la facilite d 'operation et quant a sa capacite 
de mesurer la resista nce de neiges tres fragiles. 

ZUSAMMENFASSUNG. Vergleich zwischen dem Schnee-Resistographen Ulld der Ramm-Sonde. Vergleichende 
Versuche mit dem Schnee-Resistographen und der Ramm-Sonde zeigen, dass zwischen den beiden Geraten 
trotz grundsatzlicher Unterschiede in der Arbeitsweise sehr nahe Verwandtschaft besteht. Das kommt 
vermutlich daher, dass die beiden Gerate im Prinzip diesel ben Parameter messen und wechselweise benutzt 
werden konnen. Die grossen Vorteile des Resistographen gegenilber der Ramm-Sonde liegen in der Schnel
ligkeit und Einfachheit seiner Arbeitsweise und in seiner Fahigkeit, die Festigkeit a uch sehr weichen Schnees 
zu messen. 

INTROD UCTION 

The ram penetrometer has long been accepted as the standard instrument for m easuring 
the relative strengths of various strata within the snowpack. The penetrometer, which is of 
uncomplicated design and operation, has its major deficiency in the large amount of data that 
must be recorded by hand and the subsequent time required for data reduction to produce a 
ram profile. 

The snow resistograph was developed (Bradley, ' 966) to aid in the investigation of the 
mechanism of avalanche release. This instrument has the capability of making a strength 
profile of the snowpack stratigraphy in a fraction of the time required with the ram penetro
meter, and requires a minimum amount of time for data reduction. 

THE RAM EQUATIONS 

The ram penetrometer was developed by Haefeli (Bad er and others, ' 939) to fulfill a 
need for a simple field instrument which could be used to determine the relative strength 
properties of a stratified snowpack without resorting to the digging of pits . 

The relation that governs the ram penetrometer is based on the principle of the conserva
tion of energy and momentum, and in its most general form may be written (using Haefeli 's 
notation) as: 

L 
W = - +(R+ Q. ) 

S 
( , ) 

where L = Rh . RR+:~Q. (2) 
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with the following definitions being given as: W = ram resistance, s = depth of penetra
tion, R = weight of the ram, Q = weight of the cone assembly, h = height from which the 
ram was dropped, and 7] = coefficient of restitution. 

The physical interpretation given to the ram resistance (or ram number as it is sometimes 
called) is the amount of resistive force required to dissipate the energy of the hammer and cone 
assembly over a measured depth of penetration for a given size and shape of cone. 

Equation ( r) can be reduced to three different forms, depending on the value of the 
coefficient of restitution (7] ) . For 7] = 1 we have the case of perfectly elastic impact where all 
the impact energy of the ram and cone is recovered , and Equation (I) reduces to the familiar 
form 

Rh 
W = - +(R+ Q ) s 

when 7] = 0 we have perfectly plastic impact between the ram and cone assembly which 
indica tes that the total energy of the impact is dissipated . In this case Equation (I) becom es 

R2h 
W = (R+ Q )S+(R+ Q ). (4) 

The last form that Equation ( I) can assume is where the coefficient of res titution assumes 
som e value between zero and one (0 < 7] < I), which is the case for all real materials. The 
physical implication in this instance is that, during the period of impact between the ram and 
cone assembly, a certain amount of the energy of the system is lost and part is recovered. In 
this case Equation ( I) remains unchanged . 

Haefeli (Bader and others, 1939) has stated that the value of the coefficient of restitution 
may be considered large (7] -+ r ) on the basis that stresses outside the elastic range of the 
penetrom eter do not occur. With this assumption, Equation (3) has been used when calculat
ing the ram resistance. The value of 7] = 1 has recently been questioned (Waterhouse, 
1966) and it has been suggested (Perla, 1969) that a more appropriate value for the coefficient 
of restitution should be taken as 0.5. The effect of using a coefficient of res titution of 0.5 in 
calculating the ram resistance is depicted in the ram profile shown in Figure I b. The net 
effect is to reduce the higher ram values by a significant amount. 

In determining the ram resistance, the resistive force measured is the average value for the 
depth of penetration. In most instances where a ram profil e is taken, to expedi te the actual 
data collection, Equation (3) is modified to the form 

nhR 
W = S +(R+ Q ) (s) 

where n represents the total number of drops of the hammer. 
In using the ram profile for determining the relative strengths of various strata, the 

limitations of the relations which govern it should be kept in mind. For any depth of penetra
tion, the ram number gives an average value of the snow's resistance to penetration; these 
values are then connected in the form of the discontinuous curve of the profile. This curve 
can then reflect either real discontinuities in the snow structure, or discontinuities which are 
functions of the governing relations of the instrument. Generally, the two types of discon
tinuities can be differentiated in the field and supplementary notes will indicate the precise 
position of the discontinuity. 

THE SNOW RESISTOGRAPH 

The snow resistograph (Bradley, 1968) is an instrument capable of recording variations in 
the strength of the snowpack in a rapid and continuous manner. To obtain a relative strength 
profile of the snowpack using the resistograph (resistogram), the shaft of the instrument is 
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INSTR UMENTS AND M ET HOD S 

Resistograph no . 
in newtons )( 10-1 

1098765432 

10 

20 -

30 -

40 -

50 -

60 -

70 -

80 -

90 -

100 -

110 

120 -

130 -

140 -

150 -

160 -

170 -

180 -

190 -

200 ----

210 - - ( 0 ) _ 

220 

Ram resistance 
in newtons )( 10 - 1 

5 10 15 20 25 30 35 40 

--0 Ram resistance 
taking 7J = / 

__ 0 Rom resistance _ 
taking 7J = 0 .5 

Fig. 1 . (a) Resistograph profile made at Berlhound Pass, Colorado ; (b) Corresponding rain profile shows Ihe effect of laking ." 
as I and 0 .5. 

drawn through the snowpack. As the double cone probe at the tip of the instrument en
counters the varying resistance within the pack, a record is traced on a paper tape. This tape 
is enclosed in a lucite case which protects it from snow and water damage. The sys tem is 
arranged such that a number of resistograms can be made without removing the protective 
cover of the instrument. A reduction of I : IO in the depth function of the resistogram over 
the actual snow depth is obtained through a gear train in the mechanism . Figure la shows a 
typical resistogram taken at Berthound Pass, Colorado, in comparison with a ram profile. 

Unlike the record obtained with the mm penetrometer, the resistograph records struc tural 
variation of the snowpack in a continuous manner. Variations in the m echanical compos ition 
of the snow which show a discontinuity with the rest of the pack (i.e. ice layers) can be recog
nized by steep slopes ( I : 10) on the resistogram, while graded variat ions are indicated by 
lesser variations in the slope of the resistogram curve. 
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Resistograph no . 
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Ram resistance 
in newtons x 10-1 
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10 9 8 7 6 .§ 4 3 2 i 

Fig. 2a- c. Three resistograms and corresponding ram pr~(iles at Grayling Pass, A1ontana, during February 197 I. 
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COMPARATIVE DATA 

To compare the snow resistograph with the ram penetrometer , a number of profiles were 
made with each instrument. These tests were conducted in the a rea of Grayling Pass, 
Montana, during February and March 197 I. The first set of data obtained was collected to 
j udge the degree of autocorrelation of each instrument and a lso to compare the profiles ob
tained between the two. Three ram profi les were taken a long a straight line equally spaced 
at 25 cm; parallel to the line of ram holes, and at a distance of 25 cm , three corresponding 
resistograms were obtained. Figure 2 indicates the resu lts of this test. 

As can be observed in Figure 2, both the ram and resistograph data indicated the same 
general stratigraphy in each of the profi les. In the case of the ram profi le, especia lly in the 
9- 130 cm depth range, the two high peaks recorded in profi le (a ) seem to become less acute 
in profile (b) . In profile (c) the resistance to penetration is shown as a mono tonically increasing 
function from 100 to 12 3 cm in depth a nd then monotonicall y decreasing over the next 1 5 cm. 

Snow pit profile 

Depth f rom face 
surface 
cent imeters 

109 87 65 432 

a 

Resistograph no . 
newtons x 10- 1 

2345678910 

.. . ::. 

b 

Ram res istance 
newtons x 10- 1 

5 10 15 20 25 30 35 40 

c 
Fig . 3. (a) Snow-pit profile made by brushing of the pit wall; (b) Overlay of two corresponding resistograms; (c) Overlay of 

corresponding ram profiles. All data were collected at the same location. 
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Each rcsistogram indicates three distinct discontinuities existing in the snow pack in this depth 
range. 

In the second test, a snow pit was excavated after two ram profiles and two corresponding 
resistograms had been made. The results of this tes t are shown juxtaposed in Figure 3. The snow
pit profile is based on the investigator's observations of the relative resistance, after brushing 
the pit wall. In comparing the three profiles (Fig. 3) it can be seen that the resistogram 
recorded the upper ice layers while the ram apparently dropped through with no record . 
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Fig. 4. R esults of linear regression indicating regression litle and standard estimate of error (SXy). The data indicated a correla
tion coefficient (r ) of 0 .86. 

To obtain a m easure of the quantitative relationship between the two instruments, a linear 
regression analysis of the data was made using information obtained from six ram profiles and 
corresponding resistograms. The sample data were obtained by taking the average value of 
ram and resistograph numbers over equivalent 10 cm intervals of depth. A total of 80 data 
pairs was available for the analysis. The resulting regression equation is 

y = 0·574- 0.28ox (6) 

where y represents the resistograph values in Newtons, and x represents the ram values in 
Newtons. 

The analysis indicated a standard error of estimate (SXy) of I . I N, and a correlation coeffi
cient (r ) of 0.86. The relationship is significant at the I % level. The line of regression and 
standard error of estimate are shown in Figure 4. 

In calculating the ram resistance for the purpose of comparison with the resistograph a 
coefficient of restitution of 0.5 was used as suggested by Perla (1969). 
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OONCLUSION 

It appears from our tests that there is a close correlation between snow strength as measured 
b y the snow resistograph and that measured by the ram penetrometer. In spite of the fact 
that ram measurements are based on dynamic loading while resistograms are based on quasi
static loading, the data suggest that within the strength limits of these tests the two instruments 
are probably measuring the same snow properties. 

Since there is such a high degree of correlation between ram and resistograph measure
m ents, it is appropriate to mention again the time advantage of the resistograph. With it, 
one man can obtain a continuous and quantitative snow profile approximately 100 times 
faster than with the ram p enetrometer. The current model of the resistograph is limited to 
2.5 m of snow d epth which is satisfactory for most of the northern Rocky Mountains. The 
design could readily be modified for greater snow depths if that proved advisable. 

A disadvantage of the resistograph in comparison with the ram penetrometer lies in its 
lower ceiling for snow-strength m easurem ent. This could be improved somewhat by re
d esigning the bit. On the other hand, as designed the resistograph is much more sensitive than 
the ram p enetrometer to weak snow which in turn is more fundamental to the study of climax 
avalanches. 
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